Abstract The role of insulin-like growth factor 1 (IGF-1) on regulation of growth hormone (GH) and prolactin (PRL) as well as the possible involvement of IGF-1 receptor subtype a (IGF-1Ra) mRNA was assessed in juvenile specimens of Sparus aurata. IGF1Ra was successfully cloned, and active receptor domains were localized in its mRNA precursor. Also, phylogenetic analysis of the protein sequence indicated a closer proximity to IGF-1Ra isoform found in zebrafish and other teleosts, than to the isoform IGF1Rb. The most abundant presence of IGF-1Ra mRNA was detected in white muscle, whereas head kidney showed the lowest gene expression among 24 different studied tissues. Pituitaries of juvenile specimens of S.
Introduction
In teleosts, similarly to other vertebrates, the key controller of somatic growth is the growth hormone (GH)/insulin-like growth factor 1 (IGF-1) axis (Le Roith et al. 2001 ). The classical model of work of this axis includes: (i) GH secretion from the pituitary gland, (ii) binding to GH receptors in liver and other body organs, and iii) hepatic, chiefly, production of IGF-1, and stimulation of body growth through the GH and IGF-1 receptors distributed all over the animal body (Le Roith et al. 2001; Sakamoto and McCormick 2006) . Two types of Insulin-like growth factor receptors (IGFRs) have been characterized in vertebrates: (i) the tyrosine-kinase type, IGFR1, and (ii) the mannose-6-phosphate IGFR2. Tyrosine-kinase receptors binding by IGF-1 induces a conformational change and autophosphorylation of IGF-1R. This allows the receptors to modulate intracellular processes via phosphorylation of specific proteins (Dantzer and Swanson 2012) . In fish, IGF-1R subtypes a and b were characterized in zebrafish, common carp, salmonids, Japanese flounder, and few other teleosts (Maures et al. 2002; Reindl and Sheridan 2012) .
The role of IGF-1 signaling systems, including IGF-1 receptors and binding proteins, in the growth of mammals and fishes is generally accepted. However, the differential roles of its components and their interactions with other systems in the body are still to be explored more (Dai et al. 2015) . The difference in the growth patterns and the components of the IGF-1 signaling system themselves between mammals and fishes point to more variable functions of the system between these two animal taxa. Fishes, for example, grow continuously, possess more copies of IGF-1Rs and binding proteins, and lack the activity of the mannose-6-phosphate/IGF-2 receptor in the adult stages (Maures et al. 2002) . From the few studies conducted on the biological roles of IGF-1Rs in teleosts, it is known that their interaction with IGF-1 aids embryonic development, osmoregulation, muscular cells growth and differentiation, and gonadal differentiation and maturation (Reinecke et al. 2005; Xu et al. 2015; Mei et al. 2014) . The existence of IGF-1R has been demonstrated in adenohypophyseal GH and prolactin (PRL)-producing cells of hybrid striped bass (Morone saxatilis 9 M. chrysops) (Fruchtman et al. 2001 (Fruchtman et al. , 2002 , supporting the GH down-regulation and PRL up-regulation reported after IGF-1 treatment in this hybrid, as well as in Oreochromis mossambicus (Fruchtman et al. 2001 (Fruchtman et al. , 2002 Kajimura et al. 2002) .
Hence, we believe that more studies are necessary in each fish species to reveal these components and their specific roles in relation to specific biological processes. Also, out of salmonids and cyprinids, very few fish orders were subjected to the effort of investigating the receptors and binding proteins of IGF-1, so more light needs to be shed on this system and its diverse roles on higher classes of bony fishes. Gilthead sea bream (Sparus aurata) is the targeted fish model by this study. It is an economically important, euryhaline species that is being used in our research group as a model organism for osmoregulatory studies. Acclimation to different environmental salinities induced several osmoregulatory, endocrine, and metabolic adjustments (Mancera et al. 1993 (Mancera et al. , 2002 Laiz-Carrión et al. 2005a , b, 2009 Vargas-Chacoff et al. 2009a , b, Mohammed-Geba et al. 2015 . We aimed with this work to clone the tyrosine-kinase receptor of the IGF-1 and to study the transcriptional responses of this receptor and of major hormonal transcripts in pituitary, those of GH and the PRL, that represent key hormonal controllers of fish osmoregulatory systems in general (Mancera and McCormick 2007) and S. aurata in particular (e.g., Pérez-Sánchez et al. 1994; Mancera et al. 2002) , to gradually increasing concentrations of IGF-1. Very few studies were carried out reporting this regulation, especially at the molecular level of IGF-1, mainly Eppler et al. (2007) , Fruchtman et al. (2001 Fruchtman et al. ( , 2002 , MohammedGeba et al. (2015) .
Materials and methods

Animals
Juvenile specimens of S. aurata (n = 40, 120 ± 10 g body mass) were provided by Servicio Central de Investigación de Cultivos Marinos, SCI-CM (CASEM, Universidad de Cádiz, Puerto Real, Cádiz, Spain), where they were kept in four 400-L tanks containing seawater (38 % salinity, 1049 mOsm kg -1 H 2 O osmolality, 21-22°C temperature, 3 kg m -3 density) in a flow-through water system for 10 days. Fish were fed a daily ration of 1 % of their body mass with commercial pellets (Dibaq-Dibroteg S.A., Segovia, Spain). Every morning before feeding, rearing tanks were checked and no food was left. No mortality was observed during the acclimation period. The fishes were fasted for 1 day before killing them. All experimental procedures complied with the Guidelines of the European Union (2010/63/UE) and the Spanish legislation (RD 1201 (RD /2005 (RD and law 32/2007 for the use of laboratory animals.
Chemicals
Pre-incubation and incubation media were prepared for in vitro experimentation with S. aurata pituitary glands according to Fuentes et al. (2010) . All reagents were prepared 1 day before the experiment and continuously aerated with 95 % O 2 -5 % CO 2 just before starting fish samples dissection. A stock solution of Hepes-buffered Kreb's Ringer bicarbonate buffer (KRB) served as a pre-incubation medium, consisting of 145 mmol NaCl, 5.0 mmol NaHCO 3 , 3.7 mmol KCl, 1.2 mmol KH 2 PO 4 , 1.8 mmol CaCl 2 , 1.2 mmol MgSO 4 , 10 mmol Hepes (pH 7.8), and 5 mmol glucose. The solution was sterilized by filtration through a 0.22-lm filter. The mix was gased with 95 % O 2 -5 % CO 2 , and the pH was adjusted whenever necessary by either 10 N NaOH or HCl at 7.8. An incubation solution was also prepared, adding to the Hepes-buffered KRB 10 lL mL -1 of vitamins (MEM Vitamin Solution 1009, Sigma-Aldrich, M6895), 20 lL mL -1 essential amino acids (MEM amino acids solution 50x, Sigma-Aldrich, M5550), 10 lL mL -1 nonessential amino acids (1009, Gibco Life Technologies, 11140-035), 20 lL mL -1 L-glutamine (200 mM, Gibco Life Technologies, 25030-024), 10 lL mL -1 antibiotics solution (penicillin-streptomycin, Gibco Life Technologies, 15140-122), and Fungizone (Gibco Life Technologies, 15290-026). Osmolality of both pre-incubation and incubation media (375 ± 10 mOsm kg -1 ) was adjusted by modifying the Na ? and Cl -content and measuring the osmolality in 10 lL of the medium with a vapor pressure osmometer (Fiske One-Ten Osmometer, Fiske, VT, USA), according to plasma osmolality values reported previously for unstressed S. aurata SW-acclimated specimens of similar size (Laiz-Carrión et al. 2005a ).
Experimental protocol
Juvenile specimens of S. aurata (n = 40) were anesthetized (2 mL L -1 of 2-phenoxyethanol, SigmaAldrich), decapitated, and hypophysectomized. The pituitaries were immediately rinsed in 60 lL of the freshly prepared pre-incubation medium to clean out blood and then directly transferred to other new 60 lL of pre-incubation medium at 21°C in a sterile, low-coating-capacity, cell culture-specific 96-well plate (Costar, USA) for 2 h. Serial dilutions were also prepared, using the incubation medium, from rhIGF-1 (recombinant human IGF-1, Sigma-Aldrich, Cat. no. I3769): 1000, 100, and 10 ng mL -1 . The pre-incubation medium was then replaced by the incubation solution containing 6 lL of each IGF-1 dose (so as to reach a final in-well concentrations of 100, 10, 1 ng mL -1 ), or without IGF-1 for the control (0 ng) group. Following Fuentes et al. (2010) , the incubation media were completely changed every 2 h for a period of 10 h. In a preliminary incubation trial with a subsequent RNA extraction, we showed that this setup and timing were correct to assure the best incubation period with the highest RNA integrity.
Cloning of Sparus aurata IGF-1Ra
Cloning of IGF-1Ra partial sequence All kits were used according to manufacturer's instructions. Total RNA was extracted from the pituitary gland of a juvenile S. aurata with the NucleoSpin Ò RNA XS kit (Macherey-Nagel). RNA quality was checked in the Bioanalyzer 2100 system (Agilent Technologies, Life Sciences). A RIN (RNA integrity number) value[8 and RNA quantity [10 ng lL -1 were considered acceptable conditions for continuing to synthesize the cDNA. cDNA was synthesized with the SuperScript TM III Reverse Transcriptase (Invitrogen, Life Technologies), using a final quantity of 100 ng of total RNA per reaction.
Primers for IGF-1Ra (Table 1) were designed from the most conserved blocks in the alignments performed using published sequences in other teleost fish, mainly Epinephelus coioides (AY772254.1), Oreochromis mossambicus (AF493795.1), Paralichthys olivaceus (AB065098.1), and Scophthalmus maximus (AJ224993.1). For amplifying the target gene fragment by PCR, 2 U of BIOTAQ TM DNA polymerase (Bioline) was used in each reaction, applying an annealing temperature of 60°C and extension step for 2 min in each cycle. Fresh PCR product was directly cloned into the pCR Ò 4-TOPO cloning vector (Invitrogen, Life Technologies) and sequenced in the Unidad de Genómica, University of Córdoba. The resulting sequences were analyzed using BLAST (Basic Local Alignment Sequence Tool, www.ncbi. nlm.nih.gov/blast) to affirm their identity with other IGF-1Ra nucleotide sequences. Fish Physiol Biochem (2016) 
.
IGF-1Ra cloning by 5 0 RACE
About 900 base pairs were missing from the 5 0 end of the precursor obtained by screening the cDNA library, according to BLAST comparisons. Hence, we proceeded to complete the mRNA sequence by 5 0 rapid amplification of cDNA ends (RACE), using the 5 0 RACE kit, version 2.0, from Invitrogen (Life Technologies). All gene-specific primers used were derived from the 5 0 end of the partial IGF-1Ra fragment previously obtained (Table 1) . Two rounds of PCR, with a nested reaction using the first PCR product as template, were run with the same conditions described above. The PCR product was directly cloned into the pCR Ò 4-TOPO vector (Invitrogen, Life Technologies), sequenced, and analyzed as above ''Cloning of IGF-1Ra partial sequence'' in section.
Assembly and phylogenetic analysis of IGF-1Ra
After having the 5 0 RACE product and the expression library IGF-1Ra clone, the sequences were assembled according to the 100 % identities between their overlapping ends using the algorithm merger (http://pro. genomics.purdue.edu/emboss/). The putative protein sequence was compared using BLAST algorithm in GenBank database (http://blast.ncbi.nlm.nih.gov/Blast. cgi#63169284). Sequences for IGF-1R in different vertebrate classes were retrieved from GenBank, aligned together using MEGA 6 (Tamura et al. 2013) , and a neighbor-joining tree was drawn to exhibit the relation between our sequence and other IGF-1R receptor sequences.
Optimizing qPCR primers for IGF-1Ra IGF-1Ra qPCR primers (Table 2) were designed using the software primer3 (http://frodo.wi.mit.edu/primer3/) based on the full cDNA sequences published in GenBank (http://www.ncbi.nlm.nih.gov/nuccore) for S. aurata IGF-1Ra (KJ591052). Total RNA (500 ng) was reverse-transcribed in a 20-lL reaction using the qScript TM cDNA synthesis kit (Quanta BioSciences). To optimize the qPCR conditions, several primer concentrations (100-500 nM) and a temperature gradient (from 55 to 60°C) were used. Different cDNA template concentrations estimated from total input of RNA were applied in triplicates (in serial 1/10 dilutions from 10 ng/reaction to 1 pg/reaction, as 10 ng, 1 ng, 100 pg, 10 pg, and 1 pg of input RNA) to assess the assay linearity and amplification efficiency (Table 2 ). For IGF-1Ra and all other genes under the coverage of this study, all qPCR optimization trials and steps were performed using PerfeCTa
2 (Eppendorf) operated with Realplex 2.2 software (Eppendorf). Finally, although the assay was linear in the tested range of concentrations, 1 ng of total RNA from each sample was used for qPCR estimation.
Tissue distribution of IGF-1Ra
Total RNA was purified from brain, eye, pituitary gland, skin, operculum, gills, heart, white muscles, gas bladder, perivisceral fat, testis, ovary, mouth epithelium, esophagus, stomach, anterior intestine, middle intestine, pyloric caeca, spleen, liver, gall bladder, rectum, head kidney, and distal kidney (n = 3/tissue) as previously described by Martos-Sitcha et al. (2014) . Fifty nanograms of the total RNA was reversetranscribed as above, and 10 ng of mRNA from each tissue was used for qPCR estimation of IGF-1Ra distribution using the DDC T method (Livak and Schmittgen 2001) using b-actin (accession number X89920.1) as an internal reference gene.
Total RNA extraction and quantitative reverse transcription polymerase chain reaction (qPCR)
Specific primers used for use in qPCR are shown in Table 2 . Total RNA extraction, RNA quality, and quantity, as well as reverse transcription reaction and relative gene quantification by qPCR, were all performed as mentioned above.
Statistics
Statistical analyses were performed using one-way analysis of variance (ANOVA), followed by LSD post hoc test. Significance was defined at P \ 0.01.
Results
Cloning, sequencing, and gene analysis of Sparus aurata IGF-1Ra sequence
The cDNA from IGF-1Ra was submitted to GenBank with the accession number KJ591052. It consists of 4718 nucleotides encoding a 1419 amino acid protein ( Fig. 1) covering the entire open reading frame (ORF) for the IGF-1Ra. The short 5 0 -UTR contains only 99 nucleotides, while the 3 0 -UTR encompasses 368 nucleotides. However, neither a putative polyadenylation signal nor a poly-A tail could be found, which may indicate the incompleteness of the cloned 3 0 -UTR of the IGF-1Ra. The protein showed 87-62 % sequence identity with other published protein sequences for IGF-1Ra in different vertebrate classes. IGF-1R sequence analysis was carried out using the model from Ullrich et al. (1986) (Fig. 1) . The primary structure of IGF-1R showed a 35-amino acid signal peptide rich in polar amino acids, especially serine and threonine (22 %). The mode of signal peptide separation from the mature peptide seems to be the same as in human IGF-1R since both have the last glycine residue, on which the signal peptidase cleaves, to expose the terminal IGF-1R a subunit glutamic acid residue. Sixteen putative N-glycosylation locations could be localized in the sequence, all belong the motif Asn-Xaa-Ser/Thr. The tetrapeptide Arg 737 -Arg 738 -Arg 739 -Arg 740 was found, and it is the cleavage site for the a/b proreceptor peptide; hence, the b subunit begins in the Asp 741 position. The a subunit is characterized by comparatively higher number of glycosylation sites (9) and cysteine, with the latter more concentrated between Leu 159 and Tyr 356 . The b subunit is characterized by a zone of 24 hydrophobic amino acids that form together the transmembrane domain. A stretch of basic amino acids flanking the carboxy terminus of that 
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hydrophobic zone seems to be conserved at different evolutionary levels since they are found in both human and S. aurata IGF-1Ra. In the latter case, these are represented by Lys 962 -Lys 963 -Arg 964 , characterizing the motif that facilitates the attachment of the b subunit to the cell membrane. The cytoplasmic domain of the b subunit, downstream to the hydrophobic residues zone, contains five N-glycosylation sites. The tyrosine-kinase features are located in the cytoplasmic domain of the b subunit. The catalytic domain of insulin receptor-like protein tyrosine kinases was found between Trp 994 and Asp 1268 . Binding of the ligand, IGF-1 in this case, to its extracellular a subunit activates the transmembrane part of this domain, leading then to the autophosphorylation, and downstream kinase activities which initiate signaling cascades and biological functions (Lammers et al. 1989 . The phylogenetic tree constructed using neighborjoining method showed a close proximity of the obtained sequence with IGF-1R of the flounders Paralichthys olivaceus and P. adspersus. All of them belonged to the clade containing IGF-1Ra of the zebrafish, in contrast to other P. olivaceus and P. adspersus IGF-1R sequences which are closer to zebrafish IGF-1Rb (Fig. 2) .
Tissue expression of IGF-1Ra mRNA Figure 3 shows IGF-1Ra tissue distribution. Its mRNA was ubiquitously expressed in all the tissues b Fig. 1 Nucleotide and predicted amino acid sequences of IGF1Ra. Cysteine (C) residues are highlighted in gray. Black letters in bold and italics over gray background signal peptide. White letters in bold and italics over black background transmembrane domain. Underlined letters putative N-glycosylation locations. Stop codon motif TGA was referred to by the asterisk symbol examined, being mainly found in the white muscles, followed by the pituitary gland and heart. After these, come in a descending order of IGF-1Ra mRNA levels: heart, gall bladder, brain, esophagus, gills, gas bladder, skin, distal kidney, mouth pit, eye, perivisceral fat, operculum, testis, liver, stomach, ovary, rectum, middle intestine, spleen, anterior intestine, and pyloric caeca. All the expressions found in these organs were statistically nonsignificantly different. Finally, the organ that showed the least values of receptor expression was head kidney, which differed significantly from all other organs.
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Expression patterns of target genes
Incubation of S. aurata full pituitary glands for 10 h resulted in high total RNA quality (RIN [ 8) in all tested samples. IGF-1Ra expression showed a dosedependent increase, with the maximum levels of its mRNA found at 100 ng mL -1 IGF-1 dose, and the minimum in the control (0 ng) group (Fig. 4A) . Similarly, PRL expression revealed a gradual increase with raising the IGF-1 dose, reaching significant maximum with the highest IGF-1 dose (Fig. 4B) . In addition, GH decreased when IGF-1 doses increased, getting a strongly significant (P \ 0.001) drop in response to the 100 ng mL -1 IGF-1 dose (Fig. 4C ).
Discussion
In this study, the full-length cDNA sequence of insulin-like growth factor I receptor type-a (IGF1Ra) in the teleost species S. aurata was characterized, obtaining new tools to study its physiological roles after different internal or external challenges. In addition, the functionality of the obtained precursor was confirmed through the presence of the main domains characterizing an active receptor, mainly the ones concerning receptor activation and ligand binding. Furthermore, the constructed phylogenetic tree could group all nonfish vertebrates in one clade and all bony fishes in the other. The IGF-1R precursor from S. aurata belongs to the same subclade to which IGF1Ra from the zebrafish Danio rerio belongs. Its mRNA maximum abundance was found in white muscles, which are well known to be the main IGF-1 binding site. The second organ in order of IGF-1R mRNA abundance was the pituitary gland, which indicates the special importance of this receptor there, and further confirms the activity of the obtained receptor. Although the IGF-1 we used is a recombinant human protein, several studies in fish found that human IGF-1 can successfully bind fish IGF-1R, stimulating both signal transduction pathways for IGF-1 in a fish-phosphatidylinositol 3-kinase (PI3-K) and mitogen-activated protein kinase (MAPK), and trigger normal IGF-1 actions in fish (Upton et al. 1998 ; Data (n = 8) are represented as mean ± SEM. Different letters indicate significant differences between experimental groups (one-way ANOVA, P \ 0.01) Fish Physiol Biochem (2016) 42:365-377 373 Kajimura et al. 2002; Fuentes et al. 2011) . The doses applied fall around the physiological limits for IGF-1 presence in plasma of S. aurata that are about 70-80 ng mL -1 , according to the results previously recorded for this species by Gómez-Requeni et al. (2004) and Sánchez-Gurmaches et al. (2013) . The in vitro model used in this work resulted in a total RNA of a high quality after 10 h of incubation (Fuentes et al. 2010; present results) .
Tissue distribution of IGF-1R we cloned was similar between S. aurata and several other, phylogenetically related teleosts (Maures et al. 2002; Nakao et al. 2002; Escobar et al. 2011) , suggesting some conserved functions in the organs that express this receptor in teleosts. The excessive presence of IGF1Ra mRNA in muscles as we found in juvenile S. aurata is common in fishes even from very different taxa (Elies et al. 1996; Greene and Chen 1999) . This is a known process in fish in general since fishes, in contrast to mammals, exhibit more active muscular IGF-1 binding, replacing the active mammalian insulin binding in muscles. This probably points to more important roles of IGF-1 in muscular growth and differentiation in fishes than in mammals (Dai et al. 2015) . Also, the presence of IGF-1Ra in the pituitary gland plays common regulatory roles over the production of its hormones, mainly PRL, GH, and ACTH, controlling then the key axes of osmoregulation, growth, reproduction, and stress in the pituitary (Fruchtman et al. 2002; Leatherland et al. 2010) . IGF-1 binding in the hearts of fishes excessively surpasses insulin binding, in contrast to what happens in the endothermic mammals. This suggested some more essential roles for IGF-1 over insulin in teleosts' hearts in what concerns protein synthesis, carbohydrates influxes, growth, and metabolism (Gutiérrez et al. 1995; Gallardo et al. 2001) . Hepatic and gastrointestinal presence of IGF-1Ra in the gastrointestinal tract, with its related organs, supports the active roles of IGF-1 in promoting protein and carbohydrate uptake, as well as enhancing metabolism and growth (Shamblott et al. 1995) . Also, the presence of IGF-1Ra in the brain and other nervous tissues could be related to the mitogenic and neurogenic roles of IGF-1 (Otteson et al. 2002) .
In rat anterior pituitary cells, IGF-1 receptors were located mainly in the GH-producing cells rather than in any other cell type (Eppler et al. 2007 ). In the hybrid striped bass (M. saxatilis 9 M. chrysops), Fruchtman et al. (2002) found specific, high-affinity IGF-1 receptors in the GH-producing cells. Binding of IGF-1 to these receptors significantly depressed GH release through both PI3-K and MAPK pathways in a dosedependent manner. Furthermore, Kajimura et al. (2002) found the same GH down-regulation in pituitaries of O. niloticus in response to IGF-1 treatment. Our results showed that incubation of S. aurata pituitaries with increasing concentrations of IGF-1 significantly decreased GH mRNA expression, which is a common feedback effect for GH production and secretion in fish (Canosa et al. 2007; Reindl and Sheridan 2012) , and consequently for the regulation of the somatotropic axis. In addition, another completely reversed effect of IGF-1 on PRL cells has also been reported. In the hybrid striped bass, IGF-1 stimulates PRL release, only via the MAPK cascade, in a dosedependent manner (Fruchtman et al. 2002) . In O. niloticus, IGF-1 treatment up-regulated PRL expression in in vitro studies with pituitaries (Kajimura et al. 2002) . Our results agree with this observation and indicated that PRL mRNA levels enhanced with increasing IGF-1 dose, until reaching a significant level in the highest dose applied (100 ng mL -1 ). The concerted action between IGF-1, PRL, and GH may allow animals to shift from physiological states influenced by GH, as skeletal growth, to other states regulated by PRL, as reproduction and osmoregulation, as pointed out by Seale et al. (2013) .
Our results indicated that IGF-1 significantly enhanced IGF-1Ra mRNA expression about twofolds for the 10 ng mL -1 dose and threefolds for the 100 ng mL -1 addition. This similarity between IGF1Ra mRNA levels and increasing doses of IGF-1 is an interesting phenomenon, and its physiological significance is not yet well established. Several studies relate IGF-1 binding to the IGF-1Ra to the activation of the PI3-K/Akt pathway and the roles of this pathway in enhancing cell survival, proliferation, and proper functioning of both IGF-1 and IGF-1Ra. Li et al. (2013) detected that IGF-1R-rich cells exhibit high proliferation activities and a significantly enhanced Akt protein phosphorylation, which contributes positively to the activation of the PI3-K/Akt pathway. These findings may explain then the strong GH inhibition by IGF-1 in a dose-dependent manner. Furthermore, Romanelli et al. (2007) incubated progenitor glial cells in vitro with IGF-1 in the culture medium for 24 h and 30 min and then withdrawn IGF-1. This resulted in a sustained Akt phosphorylation in the group maintained with IGF-1 for 24 h, but decreased phosphorylation in the group incubated for only 30 min. Although IGF-1 stimulation provokes IGF-1 receptor internalization and recycling for sustaining Akt phosphorylation (Romanelli et al. 2007; Reindl and Sheridan 2012) , some correspondent phenomena need more study. For example, IGF-1 did not alter IGF-1R protein levels, but changed the receptor's surface availability through internalization, followed by a recycling process for the internalized receptor to recover the surface levels rapidly (within 120 min), the matter assisting positively Akt phosphorylation (Ness and Wood 2002; Romanelli et al. 2007 ). These results may suggest an available IGF1Ra mRNA for these rapid responses and turnover processes. In this way, the enhanced IGF-1Ra expression observed in pituitary after IGF-1 incubation supports this idea. More importantly, the responses of pituitary IGF-1Ra, PRL, and GH to increased levels of IGF-I can provide some clue for the control of mechanisms normally mediated by each of these hormones in supporting the success of S. aurata, and fishes in general, in their environments. First, the expression of IGF-1R in tissues is responsive to environmental factors, including nutritional state and temperature (Gabillard et al. 2003; Dai et al. 2015) . Second, it is now currently accepted that PRL in fish is intimately related to osmoregulation in low-salinity waters. However, growth hormone role in osmoregulation in nonsalmonid teleosts is still under debate, with some reports referring to more active IGF-1 stimulation upon fish movement to hypersaline waters and consequent activation of osmoregulatory processes (McCormick 2001; Mancera and McCormick 2007; Tipsmark et al. 2008; Mohammed-Geba et al. 2015) . Differential regulation of growth hormone and prolactin is very well known in migratory fish during their migration or spawning periods (Mancera and McCormick 1998; Persson et al. 1998; Sakamoto and McCormick 2006; Makino et al. 2007) . S. aurata is a well-known euryhaline teleost moving from open seawater to estuarine waters continuously during its different life stages (Arias 1976) ; hence, it must keep a state of osmoregulatory preparedness for supporting such environmental transitions. So, again, an available IGF-1Ra mRNA for the processes of rapid recovery of receptor protein surface levels may be necessary, especially in cases that necessitate the production of more osmoregulation-promoting hormone, as the case of PRL increase we found, or switching from a growth promoting role to other different one more importantly related to the osmoregulatory process, as the case of GH down-regulation we found in response to IGF-1 treatment. In any case, it seems that the classic IGF-1 feedback over GH production extends in fish far beyond regular feedback process to some kind of switch between regular physiological processes to other ones which need more adjustments, like osmoregulation.
In conclusion, we successfully cloned the whole open reading frame from IGF-1Ra receptor in S. aurata. The mRNA of the active receptor showed excessive presence in white muscles and pituitary gland, and it responded in a dose-dependent manner to the increased IGF-1 concentrations in vitro. This mode of response seems to be related to the activation of the signal transduction pathways essential for regulating GH and PRL production in the pituitary gland of the gilthead sea bream S. aurata.
